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Abstract 
An observational-cross-sectional hospital based study was 
conducted at the Internal Medicine Outpatient Clinic at Jaber Abu El-
Ezz Diabetic Centre in Khartoum City during the period 15th 
December, 2001 to 31st March, 2002. 
The study comprises hundred (n=100) patients with DM 
irrespective of type and regardless of the duration of disease.   All 
these patients were asymptomatic as regard foot problems. 
A questionnaire was completed by interviewing, examining 
and investigating all the patients. 
The results revealed patients aged 22-85 years.  83% were in 
age group 40-70 years with mean age 55 year ±SD= 12.004. The 
female to male ratio = 2:1.  Thirty percent were illiterate and 40% 
had primary and intermediate level of education.  Fifty six patients 
(56%) were house wives and 30% employees.  Ninety percent  had 
NIDDM  whereas 10% had IDDM.  Thirty nine  patients (39%) had 
disease duration > 15 years and 19% of 10-15 years duration.  
Seventy one patients (71%) were using oral hypoglycaemic drugs 
and 19% receiving insulin.   Eighty five patients were on regular 
treatment, the other 15 patients were irregular and non compliant.  
Eight patients (8%) were – male – current smokers and non of the 
patients is walking barefoot.  50 patients weigh 60-80 kg and 33% > 
80 kg.  Seven  patients considered malnourished (UAC < 25 cm).  
Seven patients had haemoglobin < 10g/dL.  Impaired vision 
assessed as using eye glasses in 41% and 28% had cataract. 
Glycaemic control: Seventy percent of patients had HbA1C > 8%, 
20 patients had HbA1C > 10%.  
 
  
Pripheral Vascular Disease: Twenty four percent are hypertensive, 
intermittent claudication found in 5%.  Absent pulsation in the 
femoral, popliteal and posterior tibial arteries were 6%, 7-11%, 21-
23% respectively.   Posterior tibial pulsation was absent by Doppler 
in 6-7%.  All patients had ABI > 0.6.  40% of patients had ABI > 1.1.  
All patients – except 2% - had transcutaneous oxygen saturation of 
toes of more than 90mmHg. 
Neuropathy:  Resting trachycardia of >100b/m found in 17%.  50% 
of patients had reduced or absent pain sensation.  20% had absent 
vibration sense.  Loss of hair noticed in 65%. 
Deformities: Foot deformities found in more than 50% of patients.  Charcot 
foot found in 3%,  Pes Cavus 15%, Pes Planus 45%, Hallux valgus 6-10%, 
Hallux rigidus 21-25%, Hallux flexus 3%, Clawing of toes 43%,Curly toe 
25%, Crowding of toes 5%, Prominent metatarsal heads on planter surface 
14-15% and callus 12-14%. 
Other effects: are lower limb oedema found in 7% and creatinine 
level of > 1.2 mg/dL in another 7%. High risk total cholesterol level 
of >240 mg/dL found in 20% of patients.  Four percent  had history 
of major amputation and 10% had past history of foot ulcer. 
  
 
 
 
 
  
  ﺍﻟﺨﻼﺼﺔ
ﺍﺠﺭﻱ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻟﺩﺭﺍﺴﺔ ﻋﻭﺍﻤل ﺍﻟﺨﻁﺭ ﺍﻟﺘﻲ ﺘﺅﺩﻱ ﺇﻟﻰ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻘﺩﻡ ﺍﻟﺴﻜﺭﻱ ﻟﺩﻱ 
ﺒﻌﻴﺎﺩﺓ ﺍﻷﻤﺭﺍﺽ ﺍﻟﺒﺎﻁﻨﻴﺔ ﺒﻤﺭﻜﺯ ﺠﺎﺒﺭ ﺍﺒﻭﺍﻟﻌﺯ ﺍﻟﻤﺭﻀﻲ ﺍﻟﺫﻴﻥ ﻻ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﺃﻋﺭﺍﺽ ﺒﺎﻟﻘﺩﻡ 
  .2002ﻤﺎﺭﺱ 13 ﻰﺤﺘ 1002ﺩﻴﺴﻤﺒﺭ 51ﻓﻲ ﺍﻟﻔﺘﺭﺓ ﻤﻥ  ﻟﻌﻼﺝ ﺍﻟﺴﻜﺭﻱ ﺒﻤﺩﻴﻨﺔ ﺍﻟﺨﺭﻁﻭﻡ
ﺽ ﺒﺎﻟﺴﻜﺭﻱ ﺒﻐﺽ ﺍﻟﻨﻅﺭ ﻋﻥ ﻨﻭﻉ ﻭﻤﺩﺓ ﺍﻟﻤﺭﺽ  ﺘﻡ ﺍﺨﺫ ﻭﺘﺸﻤل ﺍﻟﺩﺭﺍﺴﺔ ﻤﺎﺌﺔ ﻤﺭﻴ
  .ﺍﻟﺘﺎﺭﻴﺦ ﺍﻟﻤﺭﻀﻲ ﻭﺍﻟﻜﺸﻑ ﺍﻹﻜﻠﻴﻨﻴﻜﻲ ﻭﻋﻤل ﺍﻟﻔﺤﻭﺼﺎﺕ ﻭﺍﻟﺘﺤﻠﻴل ﻟﺠﻤﻴﻊ ﺍﻟﻤﺭﺽ
ﺴﻨﺔ  55ﺴﻨﻪ ﻭﻤﺘﻭﺴﻁ ﺍﻟﻌﻤﺭ 22-58 ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺃﻋﻤﺎﺭ ﺍﻟﻤﺭﻀﻲ ﺘﺘﺭﺍﻭﺡ ﺒﻴﻥ
 04%ﻭ ﺃﻤﻴﻭﻥ% 03ﻭ .2:1ﻟﺭﺠﺎل :،ﺤﻴﺙ ﻜﺎﻨﺕ ﻨﺴﺒﺔ ﺍﻟﻨﺴﺎﺀ 400.21 ±ﻭﺍﻻﻨﺤﺭﺍﻑ ﺍﻟﻤﻌﻴﺎﺭﻱ 
ﺘﺴﻌﻭﻥ ﺒﺎﻟﻤﺎﺌﺔ  ﻜﺎﻨﻭﺍ . ﻤﻭﻅﻔﻴﻥ % 03ﺭﺒﺎﺕ ﺒﻴﻭﺕ ، % 65ﺍﻜﻤﻠﻭﺍ ﺍﻟﺘﻌﻠﻴﻡ ﺍﻻﺒﺘﺩﺍﺌﻲ ﻭﺍﻟﻤﺘﻭﺴﻁ ، 
ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﺍﻟﻤﺭﺽ % 93.  ﻤﻥ ﺍﻟﻨﻭﻉ ﺍﻷﻭل% 01ﻴﻌﺎﻨﻭﻥ ﻤﺭﺽ ﺍﻟﺴﻜﺭﻱ  ﻤﻥ ﺍﻟﻨﻭﻉ ﺍﻟﺜﺎﻨﻲ ، 
  .ﺴﻨﺔ 01-51ﻟﻤﺩﺓ ﺒﻴﻥ% 91ﺴﻨﺔ  51ﺍﻜﺜﺭ ﻤﻥ 
ﻤﻨﻬﻡ ﻜﺎﻨﻭﺍ % 58ﻨﺴﻭﻟﻴﻥ ، ﻴﺴﺘﻌﻤﻠﻭﻥ ﺍﻷ% 91–ﻴﻌﺎﻟﺠﻭﻥ ﺒﺄﺩﻭﻴﺔ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﻔﻡ % 17
ﻴﺩﺨﻨﻭﻥ ، ﻭﻜل ﺍﻟﻤﺭﺽ ﻴﺴﺘﻌﻤﻠﻭﻥ ( ﺭﺠﺎل% ) 8ﻏﻴﺭ ﻤﻨﺘﻅﻤﻴﻥ ،% 51ﻤﻨﺘﻅﻤﻴﻥ ﺒﺎﻟﻌﻼﺝ  ، 
  .ﻓﻲ ﺃﺭﺠﻠﻬﻡ ( ﺃﻭ ﻤﻔﺘﻭﺤﺔ -ﻤﻐﻠﻘﺔ)ﺃﺤﺫﻴﺔ 
ﻜﺠﻡ ﻭﺜﻼﺙ ﻭﺜﻼﺜﻭﻥ ﺒﺎﻟﻤﺎﺌﺔ ﺍﻭﺯﻨﺎﻫﻡ  06-08ﻜﺎﻨﺕ ﺃﻭﺯﺍﻥ ﻨﺼﻑ  ﺍﻟﻤﺭﻀﻲ  ﺘﺘﺭﺍﻭﺡ ﺒﻴﻥ 
ﻤﺤﻴﻁ ﺍﻋﻠﻲ ﺍﻟﻌﻀﺩ ﺍﻗل ﻤﻥ )ﺅ ﺍﻟﺘﻐﺫﻴﺔ ﻜﻴﻠﻭ ﺠﺭﺍﻡ ، ﺴﺒﻌﺔ ﻤﺭﺽ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﺴ08 ﺘﺯﻴﺩ ﻋﻥ  
  .ﺩل/ﺠﻡ01ﻭﺴﺒﻌﺔ ﻤﺭﺽ ﺁﺨﺭﻭﻥ ﺘﻘل ﻨﺴﺒﺔ ﺍﻟﻬﻴﻤﻭﺠﻠﻭﺒﻴﻥ   ﺒﺎﻟﺩﻡ ﻋﻥ ( ﺴﻡ52
% 82ﻭﻭﺠﻭﺩ ﺍﻟﻤﻴﺎﻩ ﺍﻟﺒﻴﻀﺎﺀ ﺒﺎﻟﻌﻴﻥ ﻓﻲ % 14 ﻀﻌﻑ ﺍﻟﺒﺼﺭ ﻗﻴﻡ ﺒﻠﺒﺱ ﺍﻟﻨﻅﺎﺭﺍﺕ ﺍﻟﻁﺒﻴﺔ 
  .ﻤﻥ ﺍﻟﻤﺭﺽ
ﻭﻋﺸﺭﻭﻥ ﻤﺭﻴﻀﺎ % 8ﺍﻜﺜﺭ ﻤﻥ   c1AbHﻤﺭﻴﺽ ﻜﺎﻥ ﻤﺴﺘﻭﻱ  07ﻓﻲ  :ﺍﻟﺘﺤﻜﻡ ﻓﻲ ﺍﻟﺴﻜﺭﻱ
  %.01ﺍﻜﺜﺭ ﻤﻥ   c1AbH ﻜﺎﻥ
 
  
 -ﻭﺠﺩﺕ ﻓﻲ ﻋﺸﺭﻴﻥ ﻤﺭﻴﻀﺎﹰ ( ﺩل /ﻤﻠﺠﻡ  042)ﻨﺴﺒﺔ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﺨﻁﺭﺓ ﺒﺎﻟﺩﻡ ﺍﻜﺜﺭ ﻤﻥ 
ﻤﺭﺽ ﻜﺎﻨﻭﺍ ﻴﻌﺎﻟﺠﻭﻥ ﺴﺎﺒﻘﺎﹰ ﻤﻥ ﺍﻟﺘﻬﺎﺒﺎﺕ  01ﻤﺭﻀﻲ ﺃﺠﺭﻴﺕ ﻟﻬﻡ ﻋﻤﻠﻴﺎﺕ ﺒﺘﺭ ﺒﺎﻟﻁﺭﻑ ﺍﻟﺴﻔﻠﻲ  4
  .ﺍﻟﻘﺩﻡ ﺍﻟﺴﻜﺭﻱ
ﺎﻟﻤﺎﺌﺔ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻤﻥ ﺍﻟﻤﺭﺽ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﺍﺭﺘﻔﺎﻉ ﻀﻐﻁ ﺍﻟﺩﻡ ﻭﺨﻤﺴﺔ ﺒ% 42 :ﺍﻷﻭﻋﻴﺔ ﺍﻟﺩﻤﻭﻴﺔ
  .ﺇﻻﻡ ﺍﻟﺴﺎﻕ ﺒﺴﺒﺏ ﻨﻘﺹ ﺍﻟﺘﺭﻭﻴﺔ ﺍﻟﺩﻤﻭﻴﺔ 
 ﻭ %6ﻭﻓﻘﺩﺍﻥ ﺍﻟﻨﺒﺽ ﺇﻜﻠﻴﻨﻴﻜﻴﺎ ﻓﻲ ﺍﻟﺸﺭﻴﺎﻥ ﺍﻟﻔﺨﺫﻱ ﻭﺍﻟﻤﺄﺒﺽ ﻭﺍﻟﻅﻨﻭﺏ ﺍﻟﺨﻠﻘﻲ ﻜﺎﻨﺕ 
  .ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ 12-32%ﻭ 7-11%
  %.6-7ﻓﻘﺩﺍﻥ ﺍﻟﻨﺒﺽ ﺒﺎﺴﺘﻌﻤﺎل ﺍﻟﻤﻭﺠﺎﺕ ﻓﻭﻕ ﺍﻟﺼﻭﺘﻴﺔ ﺒﺎﻟﺸﺭﻴﺎﻥ ﺍﻟﻅﻨﻭﺒﻲ ﺍﻟﺨﻠﻔﻲ ﻭﺠﺩ ﻓﻲ 
ﻤﻥ ﺍﻟﻤﺭﺽ ﺍﻜﺜﺭ ﻤﻥ % 04ﻋﻨﺩ ﺠﻤﻴﻊ ﺍﻟﻤﺭﺽ ﻭﻋﻨﺩ  6.0ﺍﻜﺜﺭ ﻤﻥ   IBAﻜﺎﻥ ﻤﺅﺸﺭ 
 09ﻭﺠﺩﺕ ﻨﺴﺒﺔ ﺘﺸﺒﻊ ﺍﻟﺠﻠﺩ ﺒﺎﻷﻜﺴﺠﻴﻥ ﺒﺎﻷﺭﺠل ﺍﻜﺜﺭ ﻤﻥ  –ﺍﺜﻨﻴﻥ -ﺠﻤﻴﻊ ﺍﻟﻤﺭﺽ ﻋﺩﺍ .  1.1
  .ﻤﻠﺠﻡ ﺯﺌﺒﻘﻲ
ﻤﻥ ﺍﻟﻤﺭﺽ ﻭﻨﺼﻑ % 71ﺩﻗﻴﻘﺔ ﻭﺠﺩﺕ ﻋﻨﺩ / ﻨﺒﻀﺔ  001< ﺘﺴﺎﺭﻉ ﻀﺭﺒﺎﺕ ﺍﻟﻘﻠﺏ 
  . ﻀﻲ ﻓﻘﺩﻭﺍ ﺍﻹﺤﺴﺎﺱ ﺒﺎﻟﺫﺒﺫﺒﺔﻤﻥ ﺍﻟﻤﺭ% 02ﺍﻟﻤﺭﺽ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻨﻘﺹ ﺍﻭ ﻓﻘﺩﻥ ﺍﻹﺤﺴﺎﺱ ﺒﺎﻷﻟﻡ ﻭ
ﻤﻥ ﺍﻟﻤﺭﻀﻲ ﻟﺩﻴﻬﻡ ﺍﺴﺘﺴﻘﺎﺀ % 7ﺘﺸﻭﻫﺎﺕ ﺍﻟﻘﺩﻡ ﻭﺠﺩﺕ ﻋﻨﺩ ﺍﻜﺜﺭ ﻤﻥ ﻨﺼﻑ ﺍﻟﻤﺭﻀﻲ ، 
  .  ﺩل/ ﻤﻠﺠﻡ % 2.1ﺁﺨﺭﻴﻥ ﻟﺩﻴﻬﻡ ﻨﺴﺒﺔ ﺍﻟﻜﺭﻴﺎﺘﻨﻴﻥ ﺒﺎﻟﺩﻡ ﺍﻜﺜﺭ ﻤﻥ % 7ﺒﺎﻟﺴﺎﻕ ﻭﺍﻟﻘﺩﻡ ﻭ
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Introduction 
 
Diabetes is a serious, chronic disease caused by both hereditary and 
environmental factors. The 1996 global diabetes prevalence of 120 million is 
predicted to be more than 250 million by 2025 due to increasing age, obesity, 
sedentary lifestyle and changing dietary pattern. [1]  
Though many serious and costly complications affect individuals with 
diabetes, such as heart disease, kidney failure and blindness, foot complication 
take the greatest toll: 40 – 70% of all lower extremity amputations are related 
to DM. 
Eighty-five percent of all diabetes-related lower extremity amputations 
are preceded by a foot ulcer. [1] 
             An important study by Reiber and colleagues investigated the risk 
factors and pathways leading to foot ulceration found that the critical triad of 
neuropathy, trauma and foot deformity was sixty three percent in people with 
foot ulcers. [2] 
           The spectrum of foot lesions vary in different regions of the World due 
to differences in socioeconomic conditions, standards of foot care and quality 
of foot wear. Shoes which are either inappropriate, or not used enough, or a 
lack of shoes are the most common cause of foot ulcers. Many foot ulcers can 
be prevented by regular foot ulcer. Many foot ulcers can be prevented by 
regular foot inspection, access to foot care and adequate shoes.  
However, even today the majority of diabetic patients do not get regular 
inspections of their feet and proper feet care. 
     A strategy including prevention, patient and staff education, 
multifactorial treatment of foot ulcers and close monitoring can reduce 
amputation rates by 50-85%. 
 
 
             The diabetic foot is a significant economic problem, particularly if 
amputation results in prolonged hospitalization, rehabilitation and an increased 
need for home care and social services.  
 
            A substantial number of studies have proven that amputation rate can 
be reduced by more than 50%, if the following strategies are implemented: 
• Regular inspections of  the foot  and foot wear of patients   on regular 
visits. 
• Preventive foot and shoe-care in high-risk feet. 
• A multifactorial and  multidisciplinary  approach in cases of established 
foot lesions.    
• Early diagnosis of peripheral vascular diseases and vascular 
intervention. 
• Continuous follow up of patients with previous foot ulcer targeting the 
highest risk populations for complications will result in more efficient 
use of resources by identifying individuals at a higher risk of developing 
foot ulcers and by providing these patients with protective   shoes and 
insoles to prevent future ulcers. Given the high cost of ulcers care and 
amputations, the relatively low costs associated with foot care will be 
cost effective.  
 The diabetic foot is perhaps the most preventable of diabetic complications 
using the relatively simple measures. Unfortunately  
, such measures do not always receive adequate attention.[3]  
          Lastly effectiveness of diabetic foot prevention programs from 
experiences in a disease-management model by Lawrance A. Larvey [4] 
mentioned the prevention strategies include:  
1- Identification of diabetic patients. 
2- Screening for risk factors.  
 
 
3- Risk stratification.  
4- Prevention strategies (foot care, shoes, education…etc) 
5- Acute care protocols.  
          This preventive program of "low-tech-high-touch" approach resulted in 
significant decrease in hospitalizations, length of stay, amputations and 
recurrent ulceration with a relatively early return in money saved on the 
investment expended. 
 
 
Epidemiology of the Diabetic Foot 
             The major adverse outcomes of diabetic foot problems are foot ulcers 
and amputations. Approximately 40-60% of all non-traumatic lower leg 
amputations are performed in patients with diabetes.  
           The incidence of gangrene in diabetics is more than 50 times greater 
than in nondiabetics .[5]  
           The highest figures have been reported for Indian reservations in the 
USA and lowest incidence are found in Denmark and Great Britain. [6] 
           The most common incidence of diabetes-related amputations is likely 
to be 5-24/100,000 inhabitants / year or 6-8/1000 diabetic subjects / year. [6]  
            Foot ulcers precede approximately 85% of all diabetic amputations. 
Patients undergoing amputation with gangrene in the various studies were 
found to be 50-70% and infections was found to be present in 20-50%. The 
most common indication for amputation decided in literature are gangrene, 
infection and non- healing ulcer. [6] 
           Anne Carrington, Manchester, England presented data from a 6 year 
longitudinal study of 169 subjects, that examined predictive risk factors for 
ulcer and amputation which specifically focused on variety of neurologic 
parameters measured at baseline within 6 years, 19,5% of the combined 
 
 
diabetes group developed at a new foot ulcer, 11,2% had amputations and 
18,3% died. [7] 
         The point of prevalence of foot ulcer in developed countries has been 
estimated to be approximately 4-10% of diabetic individuals.  
          Numerous factors have been suggested to be related to development of 
foot ulcer. Male sex has been associated with increased risk of ulcers and 
amputation in most studies. [30-35-43] 
           The most important risk factor for development of foot ulcer is 
presence of peripheral sensori-motor neuropathy, 30-70%. [4]  
            80-90% of foot ulcers described in a cross-sectional studies, were 
precipitated by external trauma ( usually ill fitting shoes ) and the proportion 
of neuropathic,  neuroischaemic  lesions and ischaemic lesions was 55%, 34%, 
and 10% respectively.  
            Peripheral vascular disease in diabetic subjects defined as        
symptoms or signs including ABI below 0,8-0,9 has been estimated to be 10-
20% in different studies. [8] 
            In an observational, case control community based study in Umea, 
Sweden, the lesion observed on the lower legs and feet, dry  feet (33%), 
yellow toe nail  (31%), purpura  (9%),  ulcer (3), intermittent claudication was 
present in 3%. [9]  
             Lesions were equally  distributed  between  the  sexes, thresholds for  
vibration,  perception, and pain were significantly  elevated in type  1 DM of 
patients with dry feet, fallen  forefoot  arches   or hammer toes compared with 
those without. [9] 
 
 
 
 
 
 
Factors associated with foot ulcer: [6] 
 
• Previous ulcer / amputation: 
• Neuropathy                          Sensorimotor 
• Trauma                                Poor foot wear, walking  
                                                      Barefoot, falls/accidents,  
                                                       Objects inside shoes. 
 
• Bio-mechanics                      Limited joint mobility.  
                                                         Bony prominence.  
                                                         Foot deformity.  
                                                         Osteoarthropathy. 
                                                         Callus 
 
• Peripheral vascular disease 
• Socioeconomic status             Low social position. 
                                                          Poor access to health care.  
                                                          Non-compliance/ neglect.  
           Poor education   
  
 
                 
      
 
 
      
 
 
 
   
Socio-Economic 
 
Individuals living  alone, lacking friends or relatives, not  attending social 
or religious functions, poorly educated and of  low socioeconomic class have 
been shown to be at an increased risk of amputation, family and social support 
has been shown to be important for patients with visual loss and impaired 
ambulation.  
 
            The economic cost of ulcers and amputation is high. In addition the 
consequences on quality of life should be considered as these patients may be 
unable to return to their work and require additional financial and social 
support.  
             Treatment of foot ulcers in outpatient setting are reported to require an 
average 6-14 weeks and more complicated ulcers require a substantially 
longer time. [10]  
             Given the high cost of diabetic ulcers and amputations to both 
individual and society, the relatively low cost of interventions in foot-care are 
likely to be cost effective. [53]  
             Wunderlich and colleagues [11]. San Antonio, Texas, reported 
beneficial effect of diabetic foot screening and treatment program of a disease 
management model used within 16,000 member, after 26 month period, 
following a widespread population screening, risk stratification  and  treatment  
interventions.  There was a  70 % reduction in amputation incidence  
compared with baseline as well as reduction in number of hospitalization and 
length of stay . This  1700 persons diabetic cohort will  continue to be 
followed prospectively to further  ascertain long term  benefits  of proactive  
disease management and prevention program .  
 
 
Pathophysiology of foot ulceration 
 
                   Diabetic foot lesions frequently result from a combination of two 
or more risk factors occurring together. [12]  In diabetic peripheral neuropathy  
all  fibers are affected. Motor neuropathy leads to decreased innervations to 
interosseus  muscles of the foot,  which result in malalignment of the tendons  
with subsequent changes in the shape of the foot . There is claw  toe 
deformity, mid foot collapse ,  and prominence of metatarsal  heads on the 
planter surface . Sensory neuropathy allows  repeated episodes of painless 
trauma .  The abnormal shape of the foot,  because of motor neuropathy,  
makes the foot more prone  to minor trauma . Poorly filling shoes,  walking 
barefoot ,  improper  trimming of nails,  and path water that is  hot  are 
examples  of minor insults that can lead a wound .  
             Autonomic neuropathy leads to a local decrease  in blood flow and 
can lead to bone resorption,  collapse and further damage of the foot .  Patients 
experience decreased sweating with dry skin that cracks if not moisturized,  
these cracks  serves as portal of entry of bacteria . Assessment  of neuropathy 
with  10 g  Semmes- Weinstein  monofilament should be performed at least 
yearly .  
             Peripheral vascular disease ( PVD ) in conjunction with minor trauma  
may result  in painful,  purely ischaemic ulcer . PVD and neuropathy  are  
frequently  present  in the same patient . The reduction  in skin  blood flow  
due to  macrovascular  disease  renders the  vasculature more susceptible  to 
occlusion  during elevated  biomechanical pressure on  the skin .[13]  
 
             It should  be noted that  end arteries  are responsible for  the arterial 
supply  of the rest of the toes . Relative  minor  oedema caused by trauma,  
 
 
septic thrombosis  or  infection can result in  total occlusion of  already 
compromised end arteries , resulting  in  gangrene of the toes .  
 
             Joint  mobility can become limited  in diabetic patients . Glycation  of 
protein is  probably responsible for changes which lead to limited joint  
mobility and waxy skin deformities  and limited joint mobility will affect  
biochemical  loading  of foot, causing elevation  of  planter foot pressure .[3]  
 
             The repetitive trauma  of  walking  is not perceived,  so callus forms . 
Callus acts as a foreign body at skin surface and will increase local skin 
pressure. In planter ulcers callus forms due to  mechanical stress  and finally 
ulcer develops frequently preceded by subcutaneous haemorrhage . [14]  
 
The natural history of the diabetic foot:                     
             The  natural history of diabetic foot can be divided into six stages . 
Every patient with diabetes can be placed into one of these stages and 
appropriate management then carried out . In stage one  and two, the emphases 
is on prevention of ulceration. At each stage, it is necessary to prevent further 
progression of diabetic foot disease by taking control . Successful 
management of diabetic foot needs the expertise of multidisciplinary team . 
Members of the team will include a nurse, podiatrist, orthotist, physician and 
surgeon .  
             Edmonds and Foster ( 1994 ) had divided the natural history of 
diabetic foot into six stages .[15]  
 
 
 
 
 
 
Six stages of diabetic foot: 
 
- Stage  one : the foot is normal and not at risk, the patient does not have 
the risk factors that render him or her vulnerable to ulcers . These are 
neuropathy, ischaemia, deformity, callus, and oedema .  
- Stage two : high risk factor, the patient has developed one or more of 
the risk factors for ulceration  of  the foot .  
- Stage three : foot with ulcer . The foot has a skin breakdown . 
Ulceration is on the planter surface in the neuropathic foot and on the 
margin in neuro-ischaemic foot .   
- Stage four : foot with cellulites . The ulcer has developed  infection 
with the presence  of  cellulites, which  can complicate both neuropathic 
and neuro-ischaemicfoot .  
- Stage five : foot with necrosis . Necrosis has supervened . In the 
neuropathic foot infection  is  usually the cause . In neuro-ischaemic 
foot infections is still the most common reason for tissue destruction, 
although ischaemia  contributes .  
- Stage six : the foot can not be saved  and will need major amputation .   
 
 
 Diabetic Neuropathy: 
 
 Diabetic  neuropathy is  defined  as “ the presence of  symptoms and / 
or signs of peripheral nerve dysfunction  in people with diabetes  after 
exclusion of  other causes “ . Chronic sensorimotor  and peripheral 
sympathetic  neuropathies are confirmed risk factors for foot lesions . Loss of 
pain and large fiber sensation have been shown  in  prospective studies  to  be 
major risk factors foot  ulceration . [16, 17]  
 
 
 
             Symptoms  of peripheral  neuropathy include  burning pain, stabbing 
pain, paresthesia, hot  and  sensations, hyperesthesia: all  symptoms  prone to 
nocturnal  exacerbation.  Signs include reduced sensation  to pain, temperature 
and vibration, small  muscle  wasting , absent  sweating and distended dorsal 
foot veins . The latter two are evidence of autonomic dysfunction  involving 
sympathetic nerve fibers: this results  in increased  arterio-venous  shunting 
which leads to warm foot . Warm  but insensate foot is very much a “high 
risk” foot . [18]  
                                                                                                                                                                                 
A prospective studies  have demonstrated that  sensory loss is  a major  
predictor  of  foot ulcers, regular neurological examination of the feet of  all 
diabetic patients  is essential . This examination  can include testing  vibratory 
sense  using a  128 Hz  tuning  fork  and  Semmes-Weinstein monofilament, 
prospective studies  have  shown  that  the inability  to perceive the  10 g  
monofilament at the toes or dorsum  of  the foot predict  further occurrence  of 
a diabetic foot ulcer .[19]  
 
             Studies recommended  that the 10 g monofilament should be the test 
of choice to determine the future risk of ulceration . There are currently  no 
pharmacological treatment with major beneficial effects on the course of 
peripheral diabetic neuropathy . If the diagnosis of  diabetic neuropathy  is 
made , the only treatment option currently available is tight metabolic control .  
 
 
 
 
 
 
 
Peripheral Vascular Disease: 
 
             Peripheral  vascular disease  ( PVD )  causing arterial  insufficiency is 
the most important factor  related  to the outcome  of a diabetic  foot ulcer . In 
diabetic patients atherosclerosis  and medial  sclerosis  are the most common 
arterial  disease . Atherosclerosis causes  ischaemia  by arterial  narrowing  
and blockage .  
    Medial  sclerosis  ( Moenckeberg sclerosis )  is calcification  of tunica  
media producing  a rigid  conduit without encroachment  on the  arterial lumen 
. Thus medial sclerosis does not causes ischaemia , but the rigid arterial tube 
may severely interfere with  indirect measurement of the arterial blood 
pressure .  Finally, micro-angiopathy  should not be accepted as primary cause 
of a skin lesion . There are no peripheral  arterial  lesions  specific to diabetes , 
but the pattern  of atherosclerosis  is  somewhat different .   
 
Characteristics of atherosclerosis in  diabetic  patients  as  
Opposed to non - diabetic patients: (20) 
  
             More common, affects younger individuals, no sex difference faster 
progress, multi-segmental, and more distal.  
             Factors  associated  with  increased  prevalence  of atherosclerosis  are 
smoking,  hypertension  and  diabetes . Accumulation  of  cholesterol within  
the vessel wall is the cardinal step  in  atherogenesis .  Internal plaque  are 
formed,  which can  ulcerate with subsequent thrombosis . This narrows  and 
occludes the arteries reducing blood flow and perfusion pressure in the 
peripheral tissues .   
 
 
              The process is  mostly segmental,  leaving distal segment , i.e. pedal 
arteries, open and accessible for vascular reconstruction, but it is likely that 
changes in circulating lipoproteins  result in a more atherogenic lipid profile  
with  low  HDL- cholesterol  and elevated  triglyceride . Within  the diabetic 
population, nephropathy  is a marker for generalized  vascular disease  and it 
likely, but not proven, that  these patients are more prone to develop PVD . 
  
             Diabetic and hypertensive patients  in particular are  at  risk of 
hyperlipidaemia  and therefore, require  screening and surveillance initially 
testing random plasma total cholesterol  if exceed  6.6 mmol  /L a detailed  
plasma  lipid profile is obtained . [21]  
 
According  to  Fontaine  PVD classified  into :   
 
- Stage I :  occlusive arterial disease without clinical symptoms .  
- Stage II : intermittent claudication .  
- Stage III : ischaemic  rest  pain .  
- Stage IV :ulceration / gangrene .  
 
   Clinical Examination : 
                  Examination on an annual bases paying  particular attention to :  
1- A history of intermittent claudication or ischaemic rest pain,  to be  
distinguished from pain caused by peripheral neuropathy .  
2- Palpation of pulses  of the posterior tibial  and dorsalis pedal arteries is 
mandatory . [8]  If  a pulse  is absent,  the popliteal  and  femoral 
pulsations  should be examined .  The dorsalis pedis artery may be 
congenitally absent .  If foot pulses  are present  significant vascular 
disease  is  unlikely .  
 
 
Some expert advise  that when pedal pulses are absent , ankle blood 
pressure  should  be  measured  with a hand- held ultrasound Doppler 
devise . An  ankle brachial pressure index, below 0.9 indicate s occlusive 
arterial disease .  
 
 Chronic Critical Ischaemia : 
         Critical ischaemia indicates risk of amputation of a major part of the 
limb, unless reversed by revascularization procedure .  Chronic critical 
ischaemia is currently defined by either of the following criteria :  
1- persistent  ischaemic rest pain requiring regular analgesia for more than 
two weeks .  
2- Ulceration  or  gangrene of the foot or toes both associated with an ankle 
systolic pressure  of < 50 mmHg  or a  toe systolic pressure of < 30 mmHg  
 
 Non- invasive vascular investigation :   
      
             Commonly  used techniques  include ankle pressure,  toe pressure  
and  ( less frequently ) transcutaneous  oxygen  pressure measurement . the 
non- invasive  vascular tests can be used  for :  
 
1- Diagnosis and quantification  of PVD .  
2-  Predicting wound healing  of a  diabetic foot ulcer .  
3- Follow- up  and control of treatment .  
 
The most  widely used  method  for the diagnosis  and  
     quantification of  PVD is the measurement  of  ankle pressure . Ankle  
     pressure  may be falsely high ( due to medial sclerosis ), and  an  ABI  
     above  1.15  is unreliable . [8,20]  
 
 
                  Ballard  et  al., [22] in  a  prospective  study  conclude  that                 
transcutaneous  oxygen  saturation mapping  is a useful  non invasive modality  
than  can  prospectively  determine  severity  of  foot ischaemia, aid in 
selecting  appropriate treatment for patient with diabetes and foot salvage 
problems and decrease  the total cost  of such care .   
 
Biomechanics  and  foot  wear :  
              Mechanical  factors  play an important role in the aetiology  of the 
majority  of  foot  ulcers . Injury typically occurs  through  a  foot deformity         
( such as prominent metatarsal heads  or  clawed toes ) in the presence  of 
sensory neuropathy, which  leads  to the repeated application of elevated 
planter pressure and possibly shear stress to specific regions of the foot  during 
walking . The pressure causes tissue damage , which may begin as a pre-ulcer  
( haemorrhage into calls, blister, minor skin injury ) . If the trauma continues 
because the patient has lost the protective sensation, full thickness skin ulcers 
may develop with attendant risk of infection . [23]  
             A  strong  relationship  has  been established  between abnormal foot 
pressure and the incidence of planter ulceration. [23]  
             Factors contributing to abnormal foot pressure  ( and possibly shear 
stress ): [24]  
 
Intrinsic factors                                         Extrinsic factors               
- Bony prominence                                               -  Inappropriate footwear .  
- Limited joint mobility, joint deformity,             -  Walking barefoot .  
  Callus .                                                              - Falls and accidents .  
- Altered tissue properties .                                  - Objects inside shoes .  
- neuro-osteoarthropathic joints .                         - Activity level .   
- Previous foot surgery .                                                                                                      
 
 
Peripheral  neuropathy  causes  increased  postural  sway  during standing,  
more falls and injuries  during walking, and possibly altered gait  and more 
trauma to feet ( metatarsal fractures, e.g. are known to be common ) . A foot 
that has been subjected to surgery  ( such as ray resection  or partial 
amputation ) will also have markedly abnormal distribution of pressure .  
             Limited joint mobility of the joints of the foot and the ankle are 
probably associated with increased  planter pressure .  
 
 
Therapeutic footwear :  
 
             Once an ulcer is present, it will not heal ( even if the blood  supply is   
adequate ) unless the mechanical load on it is removed . Special techniques 
such as the total contact cast and  Scotch cast boots are very effective if 
correctly applied and closely monitored .  
             Patients education is  critical, the patient must understand that even a  
few load- bearing steps on an ulcerated  foot may prevent healing . [25]  
 
Protective footwear :     
       
             Footwear to reduce foot pressure below the threshold of ulceration is 
critically   important in preventing either an initial ulcer or the recurrence of 
an ulcer . The principle of foot wear prescription for the diabetic patient are 
relatively     straightforward and are based on accommodation and cushioning 
rather than on biomechanical correction .  
             Increasing design complexity is used to reduce the risk of injury for 
increased deformity and activity level . Since dorsal toe deformity ( such as 
 
 
bunions or claw toes ) is common, it is important that there is always  
sufficient room  in  the toe box . This often requires extra-depth  shoes . [25]  It 
is important to educate and encourage patients to wear their protective     foot 
wear at all times . [26]     
  
Risk of the diabetic foot:  
General characteristics and co-morbidity  
            Diabetic nephropathy  defined  as  macro-albuminuria  has been 
identified as a risk factor for both outcome of foot ulcers and lower extremity 
amputation, while proteinuria  is also considered to be a marker  of 
widespread vascular disease in diabetic patients . Furthermore, patients  with 
end- stage renal disease have higher amputation rates . Congestive heart 
failure , ischaemic heart disease and cerebrovascular  disease have also been 
related to amputation  and amputation level . therefore, the presence of  
momorbidity must be considered in the treatment of a diabetic foot ulcer  and 
these conditions should be treated aggressively . [27]     
 
Vascular Disease :        
             Claudication  and  rest pain are strongly related  to  the probability  of 
amputation, although a  substantial number of diabetic patients with foot 
ulceration do not have these symptoms despite the presence of sever 
peripheral vascular disease .  
             Although various drugs and treatment strategies have been and are 
being tested .  However, at present no valid conclusions can be drawn . [27]  
 
 
 
 
 
Type, site and cause of ulcer:    
                                                         
A precipitating  trauma can often been found in patients with a foot ulcer .  An 
ulcer caused by tight  or  ill-fitting shoes or acute  mechanical trauma  is 
usually localized to the digits or dorsum of the foot .   An ulcer caused by 
elevated mechanical stress ( malperformans, stress ulcer ) is usually localized 
to metatarsal heads, decubitus  ulcers are usually localized to the heel .  
 
Infection, oedema and pain : 
             Infection  in a  diabetic foot  is a  limb-threatening  condition and 
should be treated aggressively .  
The outcome of a  foot  ulcer is related to oedema .  Oedema  is often  
multifactorial  in origin,  with congestive heart failure, nephropathy,  previous  
venous thrombosis  and  neuropathy . Hydrostatic oedema being the most 
important causes, treatment  of oedema has to focus on the predisposing 
causes .  
             Although  only  50 %  of diabetic patients with gangrene  have rest 
pain, the presence of pain  is strongly related to the probability  of  amputation 
therefore , pain should be treated adequately . [31]  
 
Metabolic Control : 
             HbA1c  and  fluctuating  blood glucose  levels have been  considered 
risk factors  for non-traumatic  lower extremity amputation  in some studies, 
short-term metabolic control has been related  to wound healing  in case 
reports and experimental studies  of wound healing . Glycaemic control has 
been suggested to bee related to levels  of growth factors, fibroblast activity, 
changes  in collagen metabolism  and haemorrhagical disturbance . All these 
factors have, together with  non-enzymatic glycation, been suggested to 
 
 
influence the  short-term outcome  of  foot  ulcers . Hyperglycaemia  has  also 
been suggested  to impair migration  of  leucocytes and  interfere  with 
phagocytosis  and  bactericidal activity . [28, 29, 30 ]  
 
Charcot foot:  
             Jean-Martin Charcot  ( 1825 – 1893 ) was the first to describe the 
disintegration of ligaments  and joint surfaces  ( Charcot disease, or Charcot  
joint ) caused by disease or injury . Charcot foot  is the term  given  to  
neurogenic  arthropathy  is  a  rapidly  progressive degenerative  arthritis  that 
result  from  damaged  nerve s ( neuropathy ) .  
Charcot foot occurs most often  in people with DM .  
According to  ADA,  60 – 70 %  of people  with diabetes develop  peripheral  
nerve  damage  that can lead to  Charcot  foot .  
             Chronic  hyperglycaemia,  is  believed  to  trigger the  development  of  
neuropathy,  which,   overtime,  may  proceed to Charcot  foot . [32]  
 
             Deformity of the foot that occurs in advanced disease is  caused by 
joint displacement and / or dislocation, osteophytes  and fractures . Fractures 
may cause the tarsal bones to collapse and outward  bowing of the arch, or  
(rocker foot ) .  
             Calluses and ulcers may form when boney protrusions rub inside the  
shoes . infected pressure  ulcers and osteomylitis may develop .  
             Neuro-osteoarthropathy  should  be suspected  in  any hot, 
erythaematous and swollen foot and the patient should be referred  to a 
specialist diabetic foot team .  
             The aim of treatment with total contact casting and limitation  of 
activity is  prevention  of sever deformity .   
 
 
 
Objectives 
 
 
 
 
Objectives 
 
 
• To identify the patients who are at high risk for 
developing diabetic foot in a general diabetic clinic  
 
• To evaluate the risk factors for foot ulceration among the 
patients with diabetes mellitus and to determine 
preventive measures that will lead to foot protection . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Patients 
And  
Methods 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methodology 
 
 
The study area : 
             Observational-cross-sectional-hospital  based  study  was conducted at 
Jaber  Abu  El  Ezz  outpatients medical Clinic  in Khartoum.  
             The study was performed during  the period  15.12.2001  to 31.3.2002 
The patients: 
             The aim and methodology of the study were explained  to the patients 
and their consent was obtained .  
             All patients and methodology of the study were examined by the 
author  according to a unified clinical protocol of database consisting  of a 
questionnaire , clinical examination and investigation .  
The clinical evaluation included :  
1- Patients characteristics : age, sex, occupation, residence, duration  of 
diabetes  
2- Symptoms related to diabetes or its complications .  
3- Past medical history .  
4- Family history, drugs and control of diabetes .  
The clinical examination include :  
• Weight, upper arm circumference as an  assessment of  nutritional status 
if  less than  25  cm =  malnourished .     
• Assessment of vision determined roughly by presence of  cataract  or   
wearing  glasses .  
• Neuropathy  was considered in patients  with resting  tachycardia             
( pulse > 100 b / min ), pain sensation using 10 g Semmes-Weinstein 
monofilament, vibration sense using 128 Hz tuning fork .      
 
 
• Trophic  changes considered by muscle wasting,  loss  of hair,  and  nail  
deformities .     
• Interdigital  fungal infection .  
• Limb circulation assessed  by presence of peripheral pulses, femoral,  
   Popliteal, post tibial and dorsalis pedis .  
• Hypertension was diagnosed when BP > 160 / 90 mmHg .  
• Foot deformities was checked .  
•  Lastly other factors which considered  as a risk for development  of 
DSF  
• Smoking .  
• Foot care. Good, moderate and poor                                                                                   
Good : 
? Wash  feet daily and dry them,  using lotion  to  moisten the skin, 
never go barefoot, cut toe nails  carefully,   using comfortable 
shoes .   
? Moderate : Wash feet less frequently, not  using  lotion ,   
                never  go  barefoot,  cutting  nails  irregularly , using any  foot wear  
few small fissures  or cracks               .                                          
? Poor : Not caring about washing  feet or  using lotion  or foot  
wear or  cutting nails, unclean feet with cracks and fissures .  
 
• Type of shoe .  
• Lower limb oedema .  
• Limited joint mobility of the ankle and foot .  
             
             
 
 
 
 
 The following  investigations  were  carried out . Once for all  
     patient  in the study group .  
 
1- Hb  %                             
2- Glycosylated Hb ( HbA1c ) 
3- Blood urea .  
4- serum Creatinine .  
          5- Total serum cholesterol level .  
          6- Ankle brachial index .  
          7- Transcutaneous oxygen measurements of toes .  
          8- Doppler for peripheral pulses, post  tibial, dorsalis  pedis arteries                      
( appendix 1 , Data sheet ) .   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results 
 
 
  
 
 
 
Results 
 
 
This  study  comprises  hundred  ( n= 100 ) patients  with diabetes mellitus 
irrespective of type and regardless of duration . 63 (63%) of them were 
females  and  37  (37%) were males,  with female: male ratio = 2:1 . All 
these patients were  seen in  internal medicine clinic not complaining  of  
foot problems .  
         The majority of patients ( 83%) were considered  in age group 40-70 
years . The mean age 55 years + SD=12.004; ( Table 1 )          
         The distribution  of  study population  by socio-demographic 
characteristics is shown in ( Table 2 ) .  
          Education status showed that, nearly  30% of subjects were illiterate, 
40%  had primary and intermediate level of education .  
          Fifty-six patients ( 56% ) were housewives, and  ( 30 % ) were  
employees .  
          The  tribal origin  of  patients showed a distribution  of  more than  
63 % from  5  tribes,  belonging  to  Arab  or Nubian origin         ( Jaaleen, 
Halfaween, Mahas, Danagla and Shaigia ) .  
          Thirty-nine patients ( 39% ) had diabetes for more than 15 years and 
about  20% had the disease for 10-15 years ( Table 3 ).  
          Ten patients  ( 10% )  were having  IDDM, ninety  patients  (90% ) 
were having  NIDDM, ratio IDDM : NIDDM was 1 : 9 in the study group .  
          Most of patients use  oral hypoglycaemic  drugs ( 71% ), and 19% 
receiving  insulin ( Fig . 1 ) .  
          The majority  of  patients  85%  were  found  on  regular treatment 
whereas only  15%  found to be irregular  in their treatment  and were not 
 
 
compliant . Causes of non-compliance  were financial  or shifting to folk  
medicine . Depression, anger, refusal or febrile illness  
were also  mentioned .     
           Eight of  the male diabetics were current smokers, while 4  already 
stopped smoking .  
            Non  of patients used to walk barefoot,  85%  of patients using an 
open  shoe,  15%  of patients used to wear closed shoe .  
            In  50% of  patients weight ranged  between 60- 80  Kg  and 33% 
above 80 Kg ( Fig 2 ) .  
            The  nutritional  status was  assessed using upper arm 
circumference  ( UAC ) .  Only  7% of  patients had an ( UAC ) less than 
25 cm which  is considered  as low  (malnourished ) ( Table 5 ) .  
             Investigations showed that only 7%  of  patients had  Hb level 
below  10% / dl .  
             Eyeglasses were  used  by  41 %  of  patients, and  28%  had  
cataract   in  one  or  both  eyes .  
             As  regard  control  of  diabetes  77%  of  patients  had no previous  
attack  of  DKA,  the  remainder,   16 patients  has  single attack,  4  
patients  had  2 attacks,  the remaining  3  had more  than 7 attacks  .  
             Seventy patients ( 70% )  had  HbA1c  > 8%  and  20 patients ( 
20% ) had  HbA1c  of > 10% .  
             Screening  of  study population  for  total  cholesterol  levels 
(fasting ) revealed,  50%  of  patients had total cholesterol less  than 200 
mg /dl ( good ),  30%  had cholesterol between  200-240 mg/dl and 20%  of 
them  above  240 mg / dl .  
             Table 4 shows  pattern and  type  of  amputation  among study 
population,  only  4%  ( n=4 )  had  history  of  amputation . All 
amputations were due to  sepsis,  11 patients ( 11% )  had  history of 
 
 
surgical dressing  for minor foot  infections  other than ulcers, and ten 
patients ( 10% )  had history  of diabetic  foot ulcer .  
             Seventy  four patients  had a  positive  family  history  of diabetes 
mellitus .  96%  ( n=71 )  of them  had 1st   degree  relative with DM  and  
4%  a  2nd  degree  relative .  18%  of  the  study population  had family 
history of limbs amputation due to DM .  
 
 
Peripheral Vascular Disease  
 
             Hypertension  ( HTN ) was diagnosed  in 24% of the patients being  
moderate in  21 patients ( 87% ) and  sever  in  2 patients ( 8% ) Good 
control  ( < 140/90 ) could be achieved  in 66%  of  patients  (Fig. 3 ) . 
Border line  ( < 160 / 95 ) in  20 %  of patients and  poor  control of  blood 
pressure ( > 160 / 95 )  in 14 % of patients .  
             Symptomatic claudication  was present  in  5% of patients  and no 
patient  presented with rest pain .  
             Limb circulation  was  assessed  by palpation of the peripheral 
pulse,  83% had normal  femoral  pulses,  11%  had diminished  pulses and 
in  6%  of pulses were  absent .  
             Popliteal  pulses were  normal   in  71-74 %,  about  19 % decrease 
pulses  and in  7-11 % were absent  ( in both limbs ) .  
             The posterior  tibial  arteries have good pulses  51- 55 % , 
decreased  in  24-26 %  and  absent  in  21-23 %  ( right & left lower limb).  
             Fifty  seven  percent  of  dorsalis  pedis  arteries  had  good 
pulsation,  31 %  had decreased pulsation,  13 % had absent pulsation                 
( Table 6 ) .  
 
 
             Using the  hand-held  Doppler  ultrasound,  it  was  found that 93-
94 %  of post  tibial  arteries and  90-93 % of dorsalis pedis arteries had 
positive Doppler ( Table 7 ).  
             Ankle/brachial  index ( ABI ) was found  above 1.1  in  41 %  of  
the patients ( Table 8 ) .  
             Transcutanous  O2  saturation  of  toes  was  high  except  2 
patients  ( 2 % ) had  O2 saturation less than  65 mmHg ( Table 9 ) .  
 
Diabetic Neuropathy : 
 
             On  clinical examination,  17 patients ( 17 % ) . found to have 
resting tachycardia  ( > 100 beats/ min ) .  
             Fifty  percent of the study group had reduced  or  absent pain 
sensation and about  20 %  had lost vibration sense ( Table 10 ) .  
             Sixty five percent  of patients had hair loss in legs and feet .  
             Inspection for foot care shows  9% have good foot care,  82% had  
moderate foot care and 9%  had poor foot care ( Fig. 4 ) .  
             Three patients only had Charcot foot deformities .  
             Limited joint  mobility of  ankle and  foot joints was found    in 7% 
of  the study group .  
 
Foot Deformities :     
 
             Nail deformities were  detected  in  31%  or  29%  of the right and  
left feet .  
             Five patients found to  have interdigital  fungal infection .  
             Examination  of  the feet  of  the patients  in  the study group 
shows,  15 %  of patients had pes cavus,  about  45 %  of  patients had pes  
 
 
planus . Halux valgus  were found  in  6-10 %  of  patients,  Halux rigidus  
were  found  in  21-25 %  of patients  and  Halux flexus  were found  in  3 
% ( Table 11 ) .  
             Clawing  of  toes found in 43 % of patients, curley  toes  was found  
in  25 % of patients , crowding  of toes  was found in 5 % of patients  and 
quintis  varus  was found  in 2 % of patients .  
             Prominent metatarsal heads on planter surface was found  in 14-15 
%, and callus found in  12-14 % of patients  ( Table 12 ) .  
 
Renal Effects :  
 
             Clinically lower  limbs  oedema  found to be present  in 7 %  of 
patients .  
             Renal  functions assessed by blood urea and creatinine, only 7% of 
patients had creatinine levels above 1.2 mg/dl .     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Table 1 : Distribution of study population by age group  
  
mber                       percent Age group(year)                Nu 
 
< 30                                                 0                                        0 %  
20 – 30                                            2                                        2 % 
30 – 40                                            6                                        6 %  
40 – 50                                           28                                      28 % 
50 – 60                                           31                                      31 %  
60 – 70                                           24                                      24 % 
70 – 80                                            5                                        5 %   
4 %                                        > 80                                                 4  
Total                                       100                                100 %   
  
  
  
  
  
  
  
  
  
  
 
 
Table 2: Distribution of study population by 
Socio-demographic characteristics 
Characteristics                     Number                 percentage  
1- Education: 
    Illiterate                                         28                                     28 %  
    Primary                                          37                                     37 % 
    Intermediate                                    3                                       3 %       
    High                                               18                                     18 % 
    Graduate                                        14                                      14  %   
   Total                                     100                               100 
2-occupation:  
   Housewife                                       56                                       56 % 
   Employee                                        29                                       29 %  
   Labourer                                           7                                         7 %  
   Businessmen                                    8                                         8 % 
Total                                        100                                100%  
3- Tribe:  
   Gaallieen                                          15                                         15 %   
   Halfawieen                                       14                                         14 % 
   Mahas                                               13                                         13 %  
   Shaigia                                               8                                           8 %  
   Danagla                                             13                                         13 %  
   Turkish or Egyptian                           4                                            4 %  
   Jawama                                              2                                             2 %  
   Bideria                                               4                                             4 %  
   Kawahla                                             3                                             3 %  
   Others ( for each )                              1                                             1 %  
Total                                           100                                         100 %  
 
 
 
 
Table  3: Distribution  0f patients according to duration of diabetes 
 
Duration ( years )                           Number                       Percent   
0 – 1                                                                 3                                    3 % 
1 – 5                                                                26                                   26 % 
5 – 10                                                              13                                   13 %  
10 – 15                                                           19                                    19 %  
>  15                                                                39                                   39 % 
Total                                                     100                             100 %  
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4 : Distribution of study population according to previous           
H/O amputation, diabetic foot ulceration or surgical dressing 
 
Surgical history                                       Number            Percent             
 
1 – Diabetic foot amputation:  
           YES                                                       4                       4 % 
                  AKA                                              1 
                  BKA                                              1 
                  Sime,s                                            1 
                  Ray,s                                              1 
          NO                                                         96                     96 %  
 
2 – Diabetic foot ulcer :                                                                
 
         YES                                                         10                      10 %  
          NO                                                          90                      90 %  
 
3 – Surgical dressing :                                                           
 
          YES                                                        11                       11 %  
            NO                                                   89                     89 %  
            
 
                                                                                                                           
 
 
 
 
 
Table 5 : Distribution of the study population 
According to nutritional status – upper arm circumference ( UAC )  
 
UAC                                  Number                                Percent   
         
         < 25 cm                                   7                                                  7 %  
          25 – 35                                   75                                                75 %  
          35 – 45                                   17                                                17 %  
          > 45                                         1                                                  1 %  
 
Total                                      100                                        100 % 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6 : Distribution of the study population according to 
  Palpation of the limb circulation  
 
                           Femoral    Popliteal    Posterior tibial   Dorsalis pedis  
Rt  
     Normal                83 ++          74 ++              55 ++                  57 ++ 
     Decreased            11 +            19 +                24 +                    31 +  
     Absent                  6 -               7 -                  21 -                     12 –  
 
Total                        100             100                 100                      100  
 
Lt   
      Normal               82 ++            71 ++               51 ++                      56 ++  
      Decreased           11 +               18 +                26 +                         31 +  
      Absent                  7 -                 11 -                 23 -                          13 –  
Total                        100             100                 100                     100  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7 : Distribution of the study group population according 
to Doppler  signals of peripheral pulses 
 
Doppler                                          Number               Percent       
Posterior tibial   
Right post. Tibial  
         YES                                                 94                                94 %  
           NO                                                  6                                  6 % 
Total                                                    100                          100%  
Left post. Tibial   
        YES                                                    93                            93 %  
        NO                                                            7                              7 %  
Total                                                     100                          100 %  
Dorsalis pedis  
Right dorsalis pedis  
         YES                                                   93                              93 %  
          NO                                                    7                                7 %  
Total                                                     100                             100 % 
Left dorsalis pedis  
         YES                                                     90                             90 %  
          NO                                                      10                             10 %  
Total                                                      100                           100 %  
 
 
 
 
 
 
 
Table 8 : Distribution of the study population according to 
ankle/brachial index 
 
Ankle/brachial index                           Number               Percent  
0.5 – 0.7                                                      2                            2 %  
0.7 – 0.97                                                   14                          14 %  
0.97 – 1.1                                                   43                          43 %  
> 1.1                                                           41                          41 %  
Total                                                      100                     100 %  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9 : Distribution of the study population according to 
Transcutaneous  O2 saturation of toes 
 
 
O2 saturation of toes ( mmHg )            Number             Percent  
<  65                                                              2                           2 %  
80 – 90                                                          1                           1 %  
90 – 100                                                       97                         97 %  
Total                                                       100                       100 % 
 
          Mean 1.098;  Mode  1.080 ;  Minimum  0.6 ;  Maximum  1.96  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 10 : Distribution of the study population according 
To pain sensation and vibration sense 
                            Pain sensation                        Vibration    
1 – Right  
         Normal               50                      Present              84  
         Decreased           34                      Absent              16   
         Absent                16                                                          
Total                        100                                            100  
 
2 – Left  
         Normal               50                      Present               79  
         Decreased           32                     Absent                 21  
         Absent                18                                                       
Total                        100                                             100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11 : Distribution of the study population according to 
Foot deformities 
Deformity                                           Number              Percent   
Pes cavus  
      Right                                                  15                           15 %  
      Left                                                    15                            15 %  
Pes planus 
       Right                                                 45                            45 % 
       Left                                                   43                             43 % 
Hallux valgus 
       Right                                                 10                             10 %  
       Left                                                    6                                6 %  
Hallux rigidus  
       Right                                                 25                              25 %  
       Left                                                   21                               21 % 
Hallus flexus  
        Right                                                 3                                  3 %  
        Left                                              3                                 3 % 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12 : Distribution of the study population according 
To toe deformities, prominent metatarsal heads and callus 
 
    Toe deformities                                Number              Percent     
    1- Claw toe  
          Right foot                                         43                        43 %  
          Left foot                                           41                        41 % 
    2 – Curley toe  
           Right foot                                        25                        25 %  
           Left foot                                          24                        24 %  
    3 – Quintis varus  
            Right foot                                        2                          2 %  
            Left foot                                          1                          1 %  
    4 -  Crowding of toes  
            Right foot                                        4                          4 % 
            Left foot                                     5                          5 %  
    Prominent metatarsal  
            Right                                              15                         15 % 
            Left                                                 14                         14 %  
      Callus  
           Right                                               14                        14 %  
           Left                                             12                       12 %   
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Fig.1: Distribution of the study population according to type of treatment    
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Fig.2: Distribution of the study population according to their weight (Kg) 
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Fig.3: Distribution of the study population according to blood pressure  
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Fig.4: Distribution of the study population according to foot care  
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Discussion 
 
 
Discussion 
 
             Prevention  and care of diabetic foot complications continue to 
represent a major challenge to the treating clinician . Although foot problems 
in diabetes can not be eradicated completely, the opportunity exists to 
diagnose and manage diabetic foot conditions effectively, to educate and 
motivate patients to care for their feet, to minimize complications, and to 
decrease health care costs . ( Slovenkai-MP ). [33]   
 
             The total number of patients was 100. Females were 63% and  
males were 37%, the ratio was 2:1. 
             The mean age was 55 years  + SD 12.004, the number of patients 
above and below 40 years was 92 and 8 respectively. 
 
             The majority of patients aged between 40 – 70 years, we observed that 
increased age in years was associated with increased number of patients, this 
goes with Fernando who described that increased prevalence of DM is 
associated with increased age . [34] 
 
             El-Shazly et al considered male gender and age between 50-70 years 
are associated with increased risk of lower limb complications . [35]  
 
             The majority of patients were of low educational level or illiterate and 
more than 90% of them belong to northern Sudan tribes. 
 
   NIDDM was – 90% - more prevalent than IDDM – 10% - the ratio was  9:1. 
 
 
             The prevalence of NIDDM is comparable to that described by Baker 
et al [36], 89.2% in New Zealand and significantly high compared to Hanan,s 
study in the Sudan which was  66.7% [37] .  
 
             The disease duration ranges from less than 1 year to more than 15 
years. The majority (59%) had disease duration of more than 10 years, which 
is a non modifiable risk factor putting these patients at higher risk of 
developing foot ulcer and amputation [30][38]   
 
             Thirty three percent of patients gave past history of repeated attacks of 
DKA, which is an index of poor glycaemic control. Lehto et al from Finland 
[28] in a 7 years follow up study gave strong evidence that poor glycaemic 
control is an important predictor of amputation in patients with NIDDM. 
             Poor glycaemic control was reflected by the prevalence of 
hyperglycaemia assessed as HbA1c of more than 9% in half of the patients. 
 
             Adler et al [39] in a study to determine the role of hyperglycaemia in a 
prospective analyses of PVD in type 2 DM conclude that hyperglycaemia, 
assessed as HbA1c was associated with an increased risk for incident PVD, 
independent of other risk factors. Each 1% increase in HbA1c was associated 
with a 28% increased risk of PVD and hyperglycaemia is a potentially 
modifiable risk factor for the development of PVD. 
 
             Caputo  et al [40] in a study conclude that glcaemic control retards the 
progression of neuropathy, which is the most important risk factor for 
ulceration . Early detection of the loss of protective sensation and 
implementation of strategies to prevent ulceration will reduce the rates of 
limb-threatening complications . Clinicians should routinely examine the feet 
 
 
of diabetics . Education in foot care, proper foot wear, and close follow up are 
required to prevent or promptly detect neuropathic injury .    
 
             High risk serum total cholesterol levels > 240 mg/dl was found in 20% 
of the patients, which goes with the study of Humphrey et al that high plasma 
cholesterol levels was found in amputees in Australia and Nauru [30] .      
 
             A significant number of the patients had history of amputation, 
diabetic foot ulcers or minor foot infections other than ulcers (25%), and this 
goes with other studies : Muller et al [41], Apelqvist et al  [42] that the incidence 
of recurrence rates of foot ulceration and amputation are high with high 
mortality. 
 
            Others Lavery et al [43], Mayfield et al [38] considered history of foot 
ulceration or amputation is associated with an increased risk of amputation 
and foot ulceration. 
 
             Majority of the patients in the study had family history of DM and a 
significant number had a family history of limb amputation due to DM (18%). 
 
Peripheral Vascular Disease  
             Systemic hypertension was reported in one fourth of the study 
population, our results are comparable to that obtained by Higgs et al which is 
29% [44] . 
             Adler et al [39] and Selby et al [45]  concluded that each 10    mm Hg 
increase in systolic blood pressure is associated with 25% increase risk of 
PVD and considered blood pressure a modifiable risk factor for development 
of PVD, and its control should reduce the risk of amputation. 
 
 
             Palpation  of  femoral, popliteal, and  posterior tibial pulses reveal 
absence of pulsation in 6%, 7 – 11%, 23% respectively. This result predict 
amputation as concluded by Lehto et al [28] . And in contrast to Lavery et al 
[43] conclusion that vascular disease may result in delayed wound  healing and  
subsequent  amputation  but are not  significant  risk factor for development of 
diabetic foot ulceration. 
             Non of the patients had ABI < 0.6, and large number of the patients 
had ABI > 1.1, which may be falsely high (due to medial sclerosis) and ABI 
above 1.15 is considered unreliable [20]. 
             All patients in the study – except 2% had transcutaneus oxygen 
saturation < 65 mmHg – had high oxygen saturation. Ballard et al [22] found 
that  transcutaneus  oxygen  saturation of  30 mmHg or  greater was more 
accurate than palpable pedal pulses in predicting  ultimate wound  healing or 
resolution of  rest pain and can prospectively determine  severity of  foot  
ischaemia. 
 
Diabetic Neuropathy  
             Signs of peripheral  neuropathy with loss of  protective sensations as 
reduced or lost pain sensation  was found  in half  of  the  patients, and 20% of  
the patients  had lost  their sense of vibration.  
             Prospective  studies had demonstrated that  sensory  loss is a major 
predictor of foot ulcer. The development of  neuropathy can be delayed  
significantly by maintaining  glycaemic levels to as near normal as possible 
[2][28][38] 
 
             Three  patients had  Charcot  foot which is  among  the  most 
devastating  foot complications in diabetes, leading  to the typical “rocker 
 
 
bottom”  deformity  under  which  large ulcers  tend  to form. Van Schie et al 
[46]  reported a trend  towards more sever  neuropathy  in the active Charcot  
foot  for small fibre was observed  and  reduced skin blood flow in active 
Charcot  foot due to blood shunting. 
 
             Limited  joint  mobility  was found  in 7% of  the patients which is 
associated with  diabetic control, atherosclerosis, and  other  diabetic 
complication as reported by Arkkila et al  [29] .  
 
             Katoulis et al  [17] concluded that diabetic  subjects  with peripheral  
neuropathy  demonstrate  alterations in some  gait parameters during walking, 
these  alterations  could facilitate  foot  injury thus contributing to frequent  
foot ulceration .  
Foot Deformities 
 
• Nail deformities  was found in 30% of the patients,  pes  cavus and pes 
planus  detected  in 60% . 
• Hallux rigidus  found in one fourth of the patients, and curley toes 
presented  in the  same proportion. 
• Clawing of toes  was found in  more  than 40% of  the patients. 
• Prominent  metatarsal  heads  on the  plantar  surface, callus, limited  
joint  mobility  and gait  abnormalities was determined for the study 
population. 
 
             These deformities are risk factors of  subsequent  ulceration by 
facilitating  foot injury. 
 
 
 
             Murray et al [14] demonstrate  for the first time that plantar callus is 
highly predictive  of  foot  ulceration   and careful history  taking and 
examination  of  the foot to detect the  presence of  callus require no special 
training or equipments and  callus should  be  recognized as a high risk factor 
for  foot ulceration  .  
 
             Mayfield et al [38],  Riber et al [2]  and Lavery et al [43] in their studies 
concluded  that foot deformities are significantly associated with the  presence  
of  foot  ulceration .  
             De-sonnaville  et al [47]  in a study consider dry feet and deformities of  
toes were  independently  and  significantly associated pre-ulceration, and they 
can be  identified  by  inspection  and they use of simple  instruments .  
             To evaluate  the influence of podiatrist  activities on the out patient  
care of diabetic  patients in term of  knowledge of  diabetic  foot care,  self-
care  ,  and minor foot problems . Ronnemaa  et  al [48] in their study noticed 
that patients in the  podiatrist  care  group  had greater improvement  in the  
knowledge  and  self  care  compared  with control subjects . The prevalence 
of  callus  decreased  more in  podiatrist  group  than  in  the control  group .  
 
             Barnett  et al [49] in their study to determine  if  children  with IDDM  
have  an increased  incidence of foot pathology compared  with non  diabetic 
children the survey  suggests  that children  with diabetes have an  increased  
incidence of  foot  pathology  justifying  greater  input of podiatric care in the 
hope of  preventing  foot problems .     
             In our study 4% of  the  patients  had  history of  foot  inspection by 
their  treating  physician, two of  them was subjected to complete neurological  
and  vascular  examination  including  testing  for pain and vibration,  ABI,  
HbA1c  and  lipid  profile. 
 
 
Renal Effects 
  
• Lower limb oedema was found in 7 patients  
• Creatinine level above 1.2 mg/dl detected in 7 patient  
       
             Reiber  et al [2] in a study for the incident of  diabetic foot  ulcer  in  
diabetics with  no history of  foot ulcers  in Manchester , Seattle , and 
Washington  showed that  oedema  contributed to development of 37 % of  
foot  ulcers . two  unitary  causes of ulcers were  identified , with trauma  and  
oedema accounting  for 6 % and 1 % respectively .  
 
             In another  study for  Apelqvist  et al [31] to  evaluate  peripheral 
oedema  presenting in  diabetic  patients, oedema  found  in to  be present in  
38 %  and  was  more  common in  patients who required  amputation ( 58 %) 
or  died ( 55 % ) . The presence of  oedema  give  valuable  but imperfect  
information on the possible primary healing of  foot ulcers in diabetic patients 
.  
Eye Effects 
 
       A significan number of the patients use eyeglasses  ( 41 % ) and   ( 28 % ) 
complaining of cataract . Which mean poor vision of these patients and are at  
risk of  repeated  trauma  and  injury of  their feet and they are actually in  
need for  help and support .  
 
             Unger et al [50] conclude that  snowflake  cataract , fine  flecks within 
the  lens cortex,  are  identical to senile cataracts of  nondiabetic subjects but 
seem to occur  earlier  and more  often  in diabetes .   
 
 
             Selby et al [45] considered  microvascular  complications  
( retinopathy and nephropathy ) as  an  independent  predictors of amputation .    
 
             In contrast  Lavery et al [43]  concluded  that no significant associations  
were  noted   between  nephropathy,  retinopathy, impaired vision , and  foot 
ulceration  on  multivariate  analysis .   
 
Foot Wear 
 
 The vast majority of the study population have good and moderate foot care 
and using shoes. 
 
             The most common  external  precipitating  factors  is the  ill fitting  
shoes. In  a study of  Apelqvist et al [51] suggested  that a majority  of  diabetic 
foot ulcers  might have been  prevented, since a precipitating  external factor  
was   in four of five  patients, stressing the importance of  preventive  foot 
care.  
 
             Uccioli et al [52] in a study to evaluate  the  efficacy  of manufactured  
shoes specially  designed  for diabetic  patients to prevent relapses  of  foot  
ulceration . After one  year the  foot ulcer relapses were significantly lower  in  
patients than in  controls (27.7 vs 58.3 ) with conclusion of  using  specially 
designed  shoes is  effective  in preventing relapses in diabetic  patients  with  
previous  ulceration .  
 
             El-Shazly et al [35] in a study related to quality of  care  noticed  that 
patients who need  help to reach  the health facility  before  the  onset of  
complications  and  those who did  not attend  health  facilities regularly were 
 
 
more  liable to develop complications . and  patients who had  never  received 
educational intervention had a threefold risk of being a case as compared to 
those who received health information regularly .  
 
             Humphrey et al [30] in a 12-year follow up study in Nauru  included 
cigarette  smoking as a risk factor of  diabetic foot  in the  amputees . In our 
study  8  patients were current  smokers and  4  patients had stopped  smoking 
.  
 
             We believe that knowledge  and  communications of the most 
common  risk  factors  precipitating  ulceration and subsequent amputation  
lead to more  consistent  treatment  of  diabetic foot,  and, ultimately, to a 
reduction  of  it,s  prevalence .   
    
 
 
 
 
 
 
Conclusions 
 
 
 
 
 
 
onclusionsC  
  
  
  
  The  present study revealed : 
 
1 – About 60%  of  patients had DM for more than 10 years duration .              
2 – Thirty three percent of patients weigh > 80 Kg .  
3 – Poor glycaemic control noticed in 70 % of patients .  
4 – One fourth of patients are hypertensive .  
5 – Reduced  or  absent  pain  sensation found  in  half  of the patients and 20 
%  had lost vibration sense .        
 6 – More  than  half  of the patients developed foot deformities   
       ( Charcot foot, pes cavus, hallux valgus, clawing of  toes  and   callus etc ) 
.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                            
 
 
 
 
 
 
 
 
 
Recommendations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
Recommendations  
 
 
1 – Regular inspection of foot and  foot wear at patient’s regular  visits at least 
once a year and more frequently in those patient  at high risk of foot ulceration 
is advisable .  
2 – Podiatry and shoe care are important preventive measures in  high risk feet 
.  
3 – Early diagnosis of peripheral vascular disease and vascular  intervention is 
essential .  
4 – Education, an integral part of prevention, should be simple and     
repetitive .  
5 – Patients with previous foot ulcers need continuous follow- up .  
6 – A multifactorial and multidisciplinary approach in the case of an 
established foot lesion.  
7 – There is a need for accurate registration of foot lesion and amputation .     
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